The actions of vitamin D are not confi ned to bone. Vitamin D receptors are present in nearly all the nuclei and its actions are manifold. Populations defi cient in vitamin D are at higher risk of developing autoimmune diseases, diabetes, cancer, infections, allergies and other chronic illnesses.
INTRODUCTION
Vitamin D, one of the fat-soluble vitamins, is unique in that it is a steroid hormone with endocrine, paracrine and autocrine effects. It is also unique among the vitamins having both endogenous production and exogenous sources. Vitamin D has long been known for its classic role for bone health and calcium homeostasis. With milk and food products being fortifi ed with vitamin D, it was believed that rickets has been conquered in the developed world. It is emerging that rickets is only the tip of the iceberg of vitamin D defi ciency. With increasing data of low levels of vitamin D in the general population and in other disease states, vitamin D insuffi ciency is emerging as an unrecognized pandemic. The discovery that most tissues in the body have vitamin D receptors and several have the one hydroxylase enzyme to convert 25(OH)D (25 hydroxy cholecalciferol) to the active form unlike previously thought has provided new insights into the pleiotropic role of this vitamin. During the past decade, association between Vitamin D insuffi ciency and increased risk of various non-skeletal morbidities have been recognized including its role in decreasing the risk of many chronic illnesses like allergies, asthma, autoimmune diseases, diabetes, cancers, infections and cardiovascular disease. This review attempts at revisiting the role of this important vitamin in the light of recent developments and provides a comprehensive account of the extraskeletal effects.
A search of the literature was done using PubMed, Ovid, and Cochrane database using the following keywords in the search string -Vitamin D AND extraskeletal, falls, mortality, diabetes, cardiovascular, allergy, asthma, autoimmune diseases, cancer, infections, multiple sclerosis, psychiatric and pain. The search was limited to articles written in the English language and all articles relevant to the present review were searched. Meta-analysis of RCTs (randomized control trials) and RCTs were given a higher place in hierarchy.
A search using PubMed database yielded 50672 citations for vitamin D, it emerging from a nutrient to one of the most talked about and researched drugs. The results of the literature search are as in Table 1 .
Vitamin D has a long and interesting history. For more than 500 million years during evolution, phytoplanktons and zooplanktons have been producing vitamin D [1] and it is one of the oldest hormones. [2] These do not have a skeleton and so the original function of vitamin D may have been unrelated to the classic role of bone homeostasis. The turn of the twentieth century saw the epidemic of rickets in Northern Europe and United States [3] along with increased upper respiratory infections in the affected children. Folk tradition used cod liver oil as a protective agent even in the mid 19 th century. After its commercial production, an advertisement for cod liver oil in the April 18, 1890, issue of Science proclaimed "prevention or cure of cough and colds in both the young and old." These effects were rediscovered only in 1941 [4] and again in 2006. [5] Vitamin D was identifi ed in the early 1920s by Adolf Windaus after the discovery of the antirachitic effects of cod liver oil. It is now recognized to play an essential role not only for bone health but for overall health and well being. [6, 7] Finsen received the Nobel Prize in 1903 for his observation that exposure to sunlight is effective in treating several skin disorders, including lupus vulgaris. The infl uence of latitude and altitude on the epidemiology of cancer was initially reported by Hoffman [8] in 1915 and later by other authors. [9, 10] The 25 hydroxylation of vitamin D in the liver and one hydroxylation in the kidney to form active 1,25(OH) 2 D was appreciated in the 1970s. [10] The role of Vitamin D receptor (VDR) for functioning of Vitamin D and its presence in kidneys, small intestine and osteoblasts to up-regulate genes for calcium homeostasis was subsequently recognized. [10] [11] [12] Later, investigations demonstrated the presence of VDR in every tissue and cell in the body including skin, colon, brain, pancreas, breast, activated T and B lymphocytes, monocytes and macrophages. [12, 13] A breakthrough into the extraskeletal effects of Vitamin D was reported in the early 1980s with the demonstration of anti-proliferative activity of 1,25(OH) 2 D on human myeloid leukemia cell line (HL-60). [14] This was followed by several observations in cell lines from melanoma, colon and prostate cancers. [15] [16] [17] Non-renal activation of 25(OH) D was suggested in studies of patients with sarcoidosis and tuberculosis in the 1980s, [10, 18] followed by observation of 25(OH)D in macrophages. [19] One hydroxylase activity was identifi ed in cultured cells from skin, colon, prostate, breast, lung and brain. [10,12,15,16.20-22] VDR is found in nearly every tissue and cell and the ability to activate 25(OH)D to 1,25(OH) 2 D is also widely distributed. The functions with which Vitamin D is now associated and the diseases in which its role is implicated is also as diverse as the tissues in which VDR is located.
PHYSIOLOGY OF EXTRASKELETAL EFFECTS OF VITAMIN D
The small intestine, kidneys and bone are the primary organs responsive to the endocrine effects of vitamin D and are involved in the classic function of mineral and bone homeostasis. But the effects of vitamin D are beyond the maintenance of skeletal health. The new pluripotent nature of vitamin D and induction of non-classical responses prompted a re-evaluation of the cellular and molecular mechanisms associated with this vitamin. The presence of VDR in other tissues [13] and the identification of 1 hydroxylase enzyme in extra-renal tissues lead to search for and increasing evidence that extra-renal synthesis of 1,25(OH) 2 D [20.21] may be important for regulating cell growth and differentiation [1, 13, 23, 24] via paracrine, intracrine and autocrine mechanism. Skin has the enzymatic machinery to convert Vitamin D 3 to 1,25(OH) 2 D as it has both 25 hydroxylase and 1 hydroxylase activity. It is recognized that in addition to the calcium-regulating tissues like intestine, bone and kidneys, most other tissues mentioned earlier have nuclear receptors for 1,25(OH) 2 D. [17, 24, 25] Although the exact physiological function of 1,25(OH) 2 D in these tissues is not fully understood, it is recognized that 1,25(OH) 2 D is a potent inhibitor of cellular proliferation and inducer of cell maturation [17, [24] [25] [26] and probably has a role in preventing carcinogenesis in these tissues. There has been an interesting association with increased risk of dying of colon, breast, prostate and ovarian cancer in individuals living at high latitudes. [22, 27] Garland [28] reported that concentration of 25(OH)D more than 20 ng/mL decreases the risk of dying from colon cancer by more than 200%. [29] The 1,25(OH) 2 D present in extra-renal tissue is also degraded locally after its effect to palcalcitoic acid and does not enter the circulation. Nagpal and colleagues reported that , which prevent further antigen presentation and recruitment of T lymphocytes. [31, 32] It also enhances the production of IL 4 , IL 5 and IL 10 shifting balance from Th 1 to Th 2 phenotype. [31] It also inhibits the formation of Th 17 cells, which play an important role in autoimmunity. [31] 3. Local 1,25(OH) 2 D in various cells regulate a variety of genes that control proliferation and keep cell cycle in G 1 /S phase like p 21 and p 27 and also genes that inhibit angiogenesis and induce apoptosis. Locally produced 1,25(OH) 2 D does not enter the circulation as it is locally metabolized by 24 hydroxylase to calcitroic acid, which is inert. 4. 1,25(OH) 2 D produced in kidneys enters the circulation.
It down-regulates renin production in the kidney and stimulates insulin secretion in the  islet cells of pancreas acting in an endocrine manner.
Prevalence of Vitamin D defi ciency
Nature provided our forefathers who were basically hunter-gatherers with an effi cient vitamin D production system by adequate exposure to sun. However, the changes of evolution and modernization, clothing, increasing hours spent indoors with limited sun exposure, obesity, environment pollution blocking the ultraviolet (UV) rays and use of sunscreens resulted in reduced vitamin D synthesis. Today, poor vitamin D status is increasing in an alarming manner to the level of a pandemic. The Third National Health and Nutrition Examination Survey (NHANES III) has revealed that a large segment of American population (61-92%) have low Vitamin D levels. This has been confi rmed in many other studies in the US and other parts of the world. [33] [34] [35] [36] [37] Even in a sundrenched country like India, Vitamin D insufficiency has been reported to be prevalent. Until the late 20 th century, there were no studies assessing vitamin D status of Indian population. Initial reports of vitamin D defi ciency among the people in Punjab appeared in 1973. [38] Later, more reports were published showing the prevalence of Vitamin D defi ciency even in healthy people, including doctors and nurses. [39] [40] [41] Vitamin D status of children was low in both urban and rural population. [42] 
VITAMIN D STATUS
In the past, Vitamin D defi ciency was defi ned by the serum level of Vitamin D, which was associated with the development of rickets. But recent studies assessing the relationship between serum 25(OH)D and parathyroid hormone level revealed that the optimum level is much higher. [2] This introduced the terminology of suffi ciency, defi ciency and insuffi ciency, but the debate about what constitutes these levels continues. The circulating level of 25(OH)D is the most suitable indicator of Vitamin D status because it is easily measured, stable and has the longest half life of 3 weeks. [43, 44] A clear consensus exists that the best indicator to evaluate vitamin D status is 25(OH)D but no consensus exists as to the level of 25(OH)D to defi ne defi ciency. By combining the results of studies correlating the 25(OH)D level with parathyroid hormone stimulation, rise of 1,25(OH) 2 D level and calcium absorption, Heaney concluded that optimal calcium absorption occurred at 25(OH)D levels of 32 ng/ mL or more. [44] [45] [46] [47] A simplistic classifi cation of vitamin D status is suggested in the Mayo Clinic proceedings 2011 [ Table 2 ]. [48] So the criterion for optimal Vitamin D status has moved away from a concentration needed to achieve skeletal health to that which demonstrates optimal benefi ts on non-skeletal health outcomes.
In this review, the role of Vitamin D in healthy and defi ciency states in relation to extraskeletal tissues and organs is discussed under the following sections. a. Vitamin D and cardiovascular diseases b. Vitamin D and diabetes c. Vitamin D and cancer 
VITAMIN D AND CARDIOVASCULAR DISEASE
To the potpourri of risk factors for cardiovascular disease (CVD), Vitamin D defi ciency has been added as a novel risk factor. Several observational studies point to a strong association between Vitamin D defi ciency and cardiovascular mortality. The mechanism of how Vitamin D improved CVD outcomes remains obscure. Potential hypothesis include role of calcitriol in the down-regulation of many genes including those involved in renin production, proliferation of cardiac and vascular muscle cells, down-regulation of C reactive protein (CRP) and other pro-infl ammatory markers. Renin-angiotensin-aldosterone system, insulin resistance and secondary hyperparathyroidism are thought to mediate some of the cardiovascular effects of Vitamin D defi ciency. Data analysis of NHANES III by Fiscella and colleagues revealed 40% higher risk of death due to CVD and stroke in black population with calcitriol level in the lowest quartile. [49] Vitamin D defi ciency has been reported to be associated with higher risk of metabolic syndrome, hypertension (HTN) and adverse cardiovascular events. [49, 50] Early 1980s and 1990s saw an emergence of several observational data suggesting an environmental factor like Vitamin D related to latitude , season and sun exposure as an etiology for the mortality difference noted in ischemic heart disease (IHD). [51, 52] Several cohort and case control studies like the men in the health professionals follow-up study and Framingham offspring study revealed high risk for developing CVD in subjects with lower levels of 25(OH)D. [50, 53] Severe Vitamin D defi ciency not only increases the risk of developing CVD but also increases risk of sudden cardiac death [54] by 3-5 times in patients with established CVD and 50% increase in fatal stroke. [55] Similar fi ndings were seen in hemodialysis patients. [56] In contrast, a study from South India reported that very high levels of 25(OH)D were associated with increased risk of IHD. [57] Studies have also shown an increased risk of incident hypertension and metabolic syndrome with suboptimal Vitamin D status. [58, 59] All these observational and cohort studies lead to RCTs focusing on Vitamin D as a potential antihypertensive agent. An RCT conducted on German women shows reduction of systolic BP after Vitamin D supplementation. [60] Reduction of BP was also demonstrated following exposure to UV A in comparison with UV B in another RCT. [61] But other studies showed no similar effect. [62, 63] Therefore, studies on vitamin D supplementation have not consistently demonstrated a positive effect on reducing BP. [64] Two studies that prospectively examined vitamin D supplementation on cardiovascular mortality did not show better survival compared with controls. [63, 65] A meta-analysis found an 8% reduction in all-cause mortality with modest amounts of Vitamin D supplementation. [66] A recent meta-analysis of 51 RCTs showed that vitamin D was associated with non-signifi cant effect on death (RR 0.96), MI (RR 1.02), and stroke (RR 1.05) with no change in BP, resulting in the conclusion that data available to date are unable to show a signifi cant decrease in mortality and cardiovascular risk associated with vitamin D. [67] Several epidemiological studies have shown a strong association between Vitamin D insuffi ciency and risk of CVD, diabetes and metabolic syndrome. Several prospective studies suggested that Vitamin D defi ciency predisposes to incident HTN, IHD and sudden cardiac death or cardiac failure. Initial RCTs of Vitamin D in the treatment of HTN yielded mixed results, and no large RCTs on cardiovascular end points have been published. [64, 66] The results of future trials should provide guidance on how to manage Vitamin D status in clinical practice. [66] The current evidence does not strongly support screening for Vitamin D defi ciency in all patients with established CVD or who are at risk for CVD. [64] Well-designed prospective RCTs are necessary to further investigate the role of Vitamin D supplementation for cardiovascular risk reduction. [66] 
VITAMIN D AND DIABETES
Epidemiologic and observational studies have kindled interest in the potential role of Vitamin D and infl ammatory process in the pathogenesis, prevention and control of, both type I and type II diabetes. [68] Animal and human studies have suggested that vitamin D is a potential modifi er of diabetes. [69] [70] [71] Possible mechanisms in modulating diabetes risk are detailed below.
Type I diabetes mellitus (DM) is characterized by an autoimmune destruction of pancreatic islet cells. Animal studies suggest that the immunomodulatory and antiinflammatory actions of vitamin D may reduce the autoimmune insulinitis of type I DM. [69, 70] Vitamin D can suppress the antigen presenting capacity of macrophages, inhibit dentritic cell maturation, modulate the development of CD 4 lymphocytes and inhibit the production of interferon٢ (IFN٢) and interleukin2 (IL 2 ) among other cytokines, which are known to activate macrophages and cytotoxic T cells leading to islet cell destruction in type I DM.
Type II DM was found to be associated with an increase in levels of tumor necrosis factor a and b, CRP, plasminogen activator inhibitor I (PAI -I) and interleukin-6(IL-6). By modulation of immune and infl ammatory process, Vitamin D may decrease insulin resistance and increase insulin secretion in type II DM.
Pancreatic islets have both VDR and Vitamin D-dependent calcium-binding protein (CaBP). The effects of vitamin D on b cells may be by its regulation of extracellular calcium and calcium fl ux through the  cell or through calcium independent pathways. Vitamin D defi ciency may also impair insulin secretion through its associated increase in parathormone levels. It may reduce insulin resistance by its immunomodulatory and anti-infl ammatory effects. Epidemiologically the type I DM is 10-15 times more common in far northern or southern latitudes compared with tropical latitudes. In a long-term follow-up study from Finland, it was shown that children who took 2000 IU per day Vitamin D during fi rst year of life reduced their risk of developing type I DM by 88%. Moreover, the children who had evidence of Vitamin D defi ciency had a 2.4-fold increased risk of developing type I DM. [71] A 33% reduction in risk of type I DM was found in children supplemented with Vitamin D in the European community sponsored concerted action on the epidemiology and prevention of diabetes study (EURODIAB). [72] Similar data was seen in a birth cohort study with Vitamin D supplementation in the fi rst year of life. [73] Maternal intake of vitamin D may also have a protective effect on the baby. A meta-analysis concluded that Vitamin D supplementation in infancy might be protective against the development of type I DM. [71] A temporary reduction in insulin dose was also seen following supplementation with calcitriol in adult patients with type I diabetes. [74] Animal studies showed benefi t of vitamin D supplementation on inhibiting onset of autoimmune diabetes [69] and arresting the disease process.
Observational studies have shown seasonal variation of diabetic control in type II DM. [75] Two large RCTs using combined vitamin D and calcium found that it lowers the risk of type II DM. [76, 77] In a large cross-sectional study of 23,000 adults, insulin resistance was found to be inversely correlated with Vitamin D levels. [78] Similar association has been reported in other studies. [79, 80] Cohort studies also found association between low vitamin D levels and type II DM [81] and showed a protective effect of high levels. [82] In contrast, other studies showed no benefi t. [83, 84] Pittas et al. in a meta-analysis concluded that vitamin D and calcium insuffi ciency may negatively infl uence glycemia whereas combined supplementation with both may be benefi cial in optimizing glucose metabolism. [85] In animal studies of vitamin D defi cient rats, reduced insulin secretion was found to improve following vitamin D replacement.
There is some evidence to suggest that Vitamin D may play a role in the prevention and treatment of type I and II DM through its action on systemic infl ammation, insulin secretion and resistance. Further studies are needed to elucidate the mechanism of action and fi nd the appropriate dose and type of Vitamin D to provide the optimal benefi t. [68] The potential role of vitamin D and calcium supplementation in alleviating the increasing menace of diabetes needs to be further studied, [68] these interventions being inexpensive and easy to implement in clinical practice.
VITAMIN D AND CANCER
If 25(OH)D is available, specifi c VDRs found in nearly all tissues produce 1,25 (OH) 2 D in a paracrine manner. Vitamin D plays a physiological role in cell differentiation in normal and tumor cells. Pre-clinical and epidemiological data suggest a role for Vitamin D in the prevention and treatment of cancer. Polymorphism of VDR gene has been associated with high risk of cancer. Women with mutations of VDR gene have higher risk of breast cancer. [86] The risk of development and death due to cancer is higher is higher latitudes and is possibly related to lesser exposure to direct sunlight, particularly during childhood and teenage. [87, 88] Women who had low blood level of 25(OH)D (<12 ng/ mL) at the start of study had signifi cantly higher risk of development of colorectal cancer compared with those who had 25(OH)D level >24 ng/ mL. [89] 1,25(OH) 2 D is capable of regulating genes that control proliferation, differentiation, apoptosis and angiogenesis. [90] More studies will be needed to confi rm and approve Vitamin D as a co-prescription with anti-cancer drugs. Most clinical trials involving Vitamin D and its metabolites have been conducted in prostate cancer patients. [91] A double-blind placebo-controlled trial to determine if 1,25(OH) 2 D could be used in pre-leukemia showed promising results initially but was proved to be unsuccessful in the end because of development of hypercalcemia and blast crisis. [92] In prostatic cancer, even though administration of 2000 IU Vitamin D per day resulted in fall in PSA levels, severe hypercalcemia necessitated the halting of the trial. Several non-hypercalcemic analogs of 1,25(OH) 2 D show antitumor activity in a subset of cancer patients with high VDR expression and is associated with good prognosis. Some transcription factor represses VDR gene expression in human colon cancer cells. In human colon cancers, elevated expression of transcription factors correlates with down-regulation of VDR. [93] The malignant cells are capable of annulling the anti-proliferative activity of Vitamin D by increasing the expression of transcriptional factors.
VITAMIN D AND AUTOIMMUNE DISEASES
The action of Vitamin D on the immune system appears to be mediated through T and B cells. When T and B cells are stimulated, VDR genes are activated and produce 1,25(OH) 2 Multiple sclerosis is a complex trait in which allelic variation in the MHC class II region exerts the single strongest effect on genetic risk. Environmental factors act at a population level. Sunlight or Vitamin D are key environmental factors in etiology and might interact with inherited factors in the MHC class II region. A single MHC Vitamin D response element (VDRE) gene has been identifi ed as HLA-DRB1*15 haplotypes. In a subgroup of individuals genetically predisposed to multiple sclerosis, defi ciency of Vitamin D may cause non-activation of histocompatibility genes necessary for differentiating between self and foreign proteins. [94] Epidemiological evidence suggests that adults with high blood levels have the lowest risk of developing multiple sclerosis. Women who had the highest intake of Vitamin D had reduced risk of developing multiple sclerosis by 42%. Similar observations have been made in rheumatoid arthritis, and children born to mothers who were Vitamin D defi cient had increased risk of wheezing disorders during early childhood. From the epidemiological evidence and some animal models, it is clear that Vitamin D plays an important role in immune health.
VITAMIN D AND INNATE IMMUNITY
The active form of Vitamin D has been shown to have anti-mycobacterial activity in vitro. Since the prevalence of Vitamin D concentration of <30 ng/mL was observed in 86% of patients with active tuberculosis, it had been used earlier to treat patients with tuberculosis. (Ref 127,128,129 ,130 up-to-date). However, Vitamin D supplementation cannot be recommended as treatment for tuberculosis unless more prospective studies come up with evidence-based criteria. In the case of HIV also, some in vitro studies have shown favorable effect on induction of autophagy. Direct correlation was observed between lower levels of 1,25(OH) 2 D with lower CD4+ T cell count, higher tumor necrosis factor level and speed of HIV disease progression (Ref 132,133,134) .
Observations like high rates of infl uenza during winter have been correlated with lack of Vitamin D synthesis. Other factors like cold temperature and low relative humidity in indoor heating could be responsible.
VITAMIN D AND PSORIASIS
The keratinocytes in the skin are the major sources for 7 dehydrocholestrol, which is converted to Vitamin D 3 in presence of sunlight. These cells also have VDR, which can convert 25(OH)D to 1,25(OH) 2 D. Active Vitamin D is a potent inhibitor of keratinocytes and could be used safely for non-malignant hyper-proliferative skin disorders like psoriasis. Topically applied 1,25(OH) 2 D or some if its analogs could be used as a fi rst-line therapy in psoriasis. Pooled data from randomized controlled trials show that calcipotriol is an effective and well-tolerated treatment for mild-to-moderate chronic plaque psoriasis. Although skin irritation is comparatively common, this rarely required withdrawal of calcipotriol treatment. Potent topical corticosteroids are equally effective with less short-term side effects. Future trials comparing the risk/benefi t ratios from combined regimens of calcipotriol with other antipsoriatic agents are indicated. Observational studies also show a relationship between nutritionally poor 25(OH)D status and muscle weakness in children and elderly subjects. In most studies, the lowest Vitamin D concentrations (<20 ng/mL and especially <10 ng/ mL) were associated with the poorest muscle function, whereas higher levels of 25(OH)D (>20 ng/mL) were associated with better muscle function. There are several meta-analyses showing a reduction in risk of falls (relative risk reduction as high as 20%) following Vitamin D supplementation, particularly when the baseline Vitamin D status is poor. Supplementation with doses ranging from 700 to 1000 units/day is effective. In one meta-analysis, multi-component group exercise and Tai Chi were even more effective in reducing risk of falls than Vitamin D supplementation.
